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Project Manager/PI:

Alana Sherman




Project Title:

AUV Gulper

1) ABSTRACT (new projects only)

N/A


2) PROPOSAL

a) The problem addressed (new projects only)

N/A 
b) Approach to the problem (new and continuing projects)

Status of project

We proposed the following plan for 2005:

1. Continue evaluation of water sampling components and systems

2. Conduct hydrodynamic analyses to determine optimal water intake and sampling strategy

3. Hold a concept design review 

4. Build prototypes of key components for testing and evaluation. These components would probably consist of containers, valves, and an indexing mechanism.

5. Test prototype components in test tank

6. Test components on AUV

7. Analyze results of testing, modify components and system design accordingly

8. Preliminary design review

In January, the project team held a brainstorming session during which several system design options were presented and evaluated. A spring actuated sample bottle based design was selected as the most promising option. Over the next several months, prototype sample bottles were built and evaluated both in the test tank and on the ROV. In tests on Ventana, two of our sampler prototypes successfully collected 1.9 L of water in 4 seconds. 

Andy Hamilton complete a hydrodynamical analysis of drawing 2 L of water from the skin of the AUV in a period of several seconds. We used his analysis as a basis for determining where to position the inlets for the samplers.

We have completed preliminary designs for a mounting rack inside the AUV that will hold the sample bottles. We are currently working on a design for the mid-body foam pack.

In mid-July we held our preliminary design review. Our next milestone will be AUV testing. We have already successfully tested the electronic circuit that will trigger the sampler on the AUV. This circuit has been designed into a new drop weight board. AUV testing is tentatively scheduled for September.

Therefore, we have accomplished all but one of the tasks (AUV testing) proposed for 2005, and are ahead of schedule. 

Results to date

Engineering results:

Successful acquisition of 1.9L of water in 4 sec on the ROV.

Science results:

For target research applications, tests have been conducted to evaluate potential effects on analysis results of sample intake (shear, unbiased sampling of volume), and sample hold (time and variable conditions on the AUV during which water constituents may change prior to analysis).  A summary of the results follows.

1. Sample intake (Scholin & Ryan labs): no systematic differences were found between RNA activity from gulped (passed through prototype Gulper) versus non-gulped samples.  Figure 1 shows results from Scholin lab SHA analysis for a blank control and three Harmful Algal Bloom (HAB) species.  Although differences were evident, they were not all higher or lower for the gulped samples (-G), and the magnitude of the differences was not any greater than that typical of series-to-series variability.  Samples run through the LISST-100 (Ryan lab) also did not show any systematic differences (results not presented here).
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Figure 1. Results of sandwich hybridization assay (SHA) test results for three HAB species, used to investigate possible effects of AUV Gulper sample intake.

2. Sample hold (Scholin, Jones, Vrijenhoek, Haddock, Thomas): Samples with target species of interest were held in a sample bag through an AUV survey (2-100 m oscillations) and quantified with SHA versus duplicate samples without the AUV hold.  These analyses showed:

· No reduction in barnacle larvae (and they were still alive!)

· Bacterial assay showed no difference

· A shallow water toxic dinoflagellate species showed a slight reduction, but this difference was explainable based on the exposure of the phytoplankton to anomalous conditions.  This result thus defines an important operational constraint for HAB studies using Gulper.

· The Haddock lab incubated dinoflagellates in the samplers, and compared their bioluminescence before and after. The bioluminescence was slightly reduced in the incubated samples, but this could be attributed to their time on the deck of the ship. The important aspects for this lab’s research purposes are that the cells were intact, and could be recognized and enumerated.

Publications (from the last 5 years)

No publications yet.

Plans for 2006


Engineering/technology development

With the sampler prototype built and tested this year, in the next year we will focus on assembling, testing and validating the complete system. We propose the following plan for 2006:

1. Complete ME design

2. Hold critical design review

3. Fabricate and assemble samplers, rack and foam pack

4. Build and test custom electronics 

5. Acquire/build cables and J-box 

6. Write and test software

7. Test system

8. Preliminary science testing

9. Engineering publications

It is possible some of these tasks could be accomplished in the remainder of 2005. This is contingent upon the AUV testing going smoothly and having ample engineering time to complete them. 


Field programs

Our 2006 field programs will consist of engineering and science testing and validation of the instrument. The table below outlines the details of our proposed testing regime:

	User
	Mission
	Post-processing
	Who

Responsible
	Ship days
	Notes

	Project team
	Engineering tests
	Salinity, nutrients, bacteria
	Alana Sherman
	6 days
	See details in appendix A

	Scholin/Ryan
	Test sample/ hold effects
	LISST, other
	Ryan lab
	0
	Further test effects of holding sample, can be piggy-backed on other missions

	Scholin lab/ Preston
	Deep water survey
	Bacteria
	Chris Preston
	1
	Preprogrammed survey

	Scholin lab/ Greenfield
	Sampling in layers, based on data from earlier survey 
	Microscopy, Probes
	Dianne Greenfield
	3
	Target layers in shallow waters, coordinate with ESP deployment

	Vrijenhoek lab
	Exploratory transects
	SHA for green crab, etc.
	Joe Jones
	3
	Would like these days during the Fall

	Haddock lab
	Comparison surveys for plankton studies
	Phytoplankton counts from samples
	Haddock
	0
	Piggy back on already planned Haddock AUV days, northern line

	Biological Ocean Group (BOG)
	Comparison surveys for ecosystem time series
	Primary production, chlorophyll, nutrients

Compare with concurrent Pt. Lobos cruise analysis
	Ryan / Pennington
	0
	Piggy back on AUVCTD canyon-axis surveys, coincide with Pt. Lobos time series days



Data (availability outside project team, uniqueness)

Dorado science data reduction is well developed and is being integrated with the data and metadata management of SSDS.

Significant changes from previous project proposal (continuing projects only)
There are no significant changes from last year’s proposal.

c) Specific deliverables (new and continuing projects)

1. Successful acquisition of a single water sample on the AUV

2. Critical design review

3. Fabrication of complete set of samplers, mounting rack and controller housing.

4. Successful testing of the complete water sampling system

5. Results from science testing of instrument

6. Engineering publication

d) Project team (new and continuing projects)
Alana Sherman: project manager, electrical/system engineering, testing of components.

Farley Shane: mechanical engineer, mechanical design

John Ryan & Chris Scholin: lead scientists 

Larry Bird: mechanical technician, design and testing of sample container and shore side interfaces.

Gernot Friederich: provide expertise in water sampling
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Andy Hamilton: will use expertise to characterize hydrodynamic effects that may jeopardize sample integrity.

Rob McEwen: analysis of the impact of the sampler on vehicle control and dynamics, and vehicle behavior software.

e) Project lab space (new and continuing projects)

Existing AUV and ME lab space will be sufficient.

3) BUDGET JUSTIFICATION (new and continuing projects)

The budget to build a working AUV Gulper system and mount it on the AUV is shown below.
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In addition to these components, we also ask for a general supplies budget of $5000, and $1000 for tools. Finally, we request a travel budget of $5000, for domestic travel to a conference for two people, with an addition $1000 for conference fees.

4) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	
	
	
	
	
	

	Milestone Description
	Complete ME design
	CDR
	Electronics & Software complete
	Fabrication and Assembly
	System testing and validation
	

	EE
	
	5
	18
	
	15
	38 +12 (proj. mgmt) =50

	SE
	
	
	12
	
	3
	15

	ME
	30
	4
	
	3
	3
	40

	Machine Shop
	
	
	
	28
	
	28


5) RISK MATRIX (development and infrastructure projects only)

Please carefully read Section 5.2.3 in the instructions for internal proposals for an explanation regarding the risk matrix. This table must be completed for ALL development and infrastructure proposals (new and continuing). The instructions can be found at http://mww.mbari.org/resources/2006_Proposal_Process/Internal-only_Instructions_2006.htm.

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	X
	
	


Appendix A. Engineering system testing table
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Condition





Test plan





Leaking





Send sampler pre-filled with DI water out on typical AUV run then test salinity upon return.





Contamination from mid-body





Add marker to water in mid-section and test pre-filled sample for any traces of marker.





False or delayed triggering





Use proximity sensor along shaft to accurately time stamp when sample was acquired.





Effects of sample and hold





Testing already carried out by Scholin, Haddock and Jones. Some suppression of signal occurred but may be due to pressure effects. 





Sample validation 





Compare sample salinity to CTD measurement for complete surveys. 





Software test





Write sample program which can be used on deck to test triggering of individual samples








� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� This number should be the same number you entered on the resource requests for this particular resource.
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Sheet1

		ITEM		QUANITY		COST MATERIALS		MACHINE TIME		MACHINE COST @ $ 70/HR		Total

		URETHANE POLYPAK SEAL		2		$24.13		0.00		0.00

		PISTON POLY CARBONATE		1		$3.12		0.30		21.00

		TITANIUM SHAFT		1		$15.02		0.40		28.00

		TITANIUM PACKING PLATE EXT		1		$16.23		0.50		35.00

		TITANIUM PACKING PLATE INT		1		$16.23		0.25		17.50

		TITANIUM SPRING PISTON		1		$1.56		0.25		17.50

		SHAFT STOP ACETAL		1		$0.20		0.20		14.00

		VALVE END CAP UHMW PE		1		$5.23		1.50		105.00

		OPEN END CAP UHMW PE		1		$2.81		0.50		35.00

		DIAPHRAGM SILICON		1		$0.56		0.10		7.00

		DIAPHRAGM PLATE TITANIUM		1		$2.35		0.25		17.50

		VALVE SPRING TITANIUM		1		$0.56		0.10		7.00

		VALVE SHAFT TITANIUM		1		$1.56		0.20		14.00

		VALVE SEAT TITANIUM		1		$1.03		0.10		7.00

		VALVE STOP TITANIUM		1		$1.29		0.10		7.00

		VALVE GASKET SILICON		1		$0.63		0.10		7.00

		CYLINDER BODY POLYCARBONATE		1		$18.25		0.20		14.00

		O RING END CAPS		2		$1.60		0.00		0.00

		O RING SHAFT		1		$0.12		0.00		0.00

				21		$112.48		5.05		353.50

		TOTAL COST PER SAMPLER (40 PART RUN)				$112.48				$353.50		$465.98





Sheet2

		ITEM		QNTY		COST 
MATERIALS (1 unit)		MACHINE 
TIME (HR)		MACHINE COST 
@ $ 70/HR		Total

		Sampler Set		24		$112.48		5.05		$353.50		$11,183.52

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam		1		$15,000.00		0		$0.00		$15,000.00

		Electronics								$0.00

		Custom Electronics		1		$2,000.00				$0.00		$2,000.00

		Cabling		1		$7,500.00				$0.00		$7,500.00

		Electronics housing		1		$500.00		12		$840.00		$1,340.00

		Proximity switches		12		$150.00				$0.00		$1,800.00

		J-Box		1		$500.00		4		$280.00		$780.00

		Trigger								$0.00

		Trigger mech.		12		$60.00		4		$280.00		$4,080.00

		Solenoid		12		$540.00		0		$0.00		$6,480.00

										$0.00

										$0.00

										$0.00		$0.00

		TOTAL				$37,699.52		201.20		$14,084.00		$51,783.52

		Additional mid-body fairing would cost ~ $5000
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		ITEM		QUANITY		COST MATERIALS		MACHINE TIME		MACHINE COST @ $ 70/HR		Total

		URETHANE POLYPAK SEAL		2		$24.13		0.00		0.00

		PISTON POLY CARBONATE		1		$3.12		0.30		21.00

		TITANIUM SHAFT		1		$15.02		0.40		28.00

		TITANIUM PACKING PLATE EXT		1		$16.23		0.50		35.00

		TITANIUM PACKING PLATE INT		1		$16.23		0.25		17.50

		TITANIUM SPRING PISTON		1		$1.56		0.25		17.50

		SHAFT STOP ACETAL		1		$0.20		0.20		14.00

		VALVE END CAP UHMW PE		1		$5.23		1.50		105.00

		OPEN END CAP UHMW PE		1		$2.81		0.50		35.00

		DIAPHRAGM SILICON		1		$0.56		0.10		7.00

		DIAPHRAGM PLATE TITANIUM		1		$2.35		0.25		17.50

		VALVE SPRING TITANIUM		1		$0.56		0.10		7.00

		VALVE SHAFT TITANIUM		1		$1.56		0.20		14.00

		VALVE SEAT TITANIUM		1		$1.03		0.10		7.00

		VALVE STOP TITANIUM		1		$1.29		0.10		7.00

		VALVE GASKET SILICON		1		$0.63		0.10		7.00

		CYLINDER BODY POLYCARBONATE		1		$18.25		0.20		14.00

		O RING END CAPS		2		$1.60		0.00		0.00

		O RING SHAFT		1		$0.12		0.00		0.00

				21		$112.48		5.05		353.50

		TOTAL COST PER SAMPLER (40 PART RUN)				$112.48				$353.50		$465.98





Sheet2

		ITEM		QNTY		COST 
MATERIALS (1 unit)		MACHINE 
TIME (HR)		MACHINE COST 
@ $ 70/HR		Total

		Sampler Set		24		$112.48		5.05		$353.50		$11,183.52

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam		1		$15,000.00		0		$0.00		$15,000.00

		Electronics								$0.00

		Custom Electronics		1		$2,000.00				$0.00		$2,000.00

		Cabling		1		$7,500.00				$0.00		$7,500.00

		Electronics housing		1		$500.00		12		$840.00		$1,340.00

		Proximity switches		12		$150.00				$0.00		$1,800.00

		J-Box		1		$500.00		4		$280.00		$780.00

		Trigger								$0.00

		Trigger mech.		12		$60.00		4		$280.00		$4,080.00

		Solenoid		12		$540.00		0		$0.00		$6,480.00

										$0.00

										$0.00

										$0.00		$0.00

		TOTAL				$37,699.52		201.20		$14,084.00		$51,783.52

		Additional mid-body fairing would cost ~ $5000
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		ITEM		QUANITY		COST MATERIALS		MACHINE TIME		MACHINE COST @ $ 70/HR		Total

		URETHANE POLYPAK SEAL		2		$24.13		0.00		0.00

		PISTON POLY CARBONATE		1		$3.12		0.30		21.00

		TITANIUM SHAFT		1		$15.02		0.40		28.00

		TITANIUM PACKING PLATE EXT		1		$16.23		0.50		35.00

		TITANIUM PACKING PLATE INT		1		$16.23		0.25		17.50

		TITANIUM SPRING PISTON		1		$1.56		0.25		17.50

		SHAFT STOP ACETAL		1		$0.20		0.20		14.00

		VALVE END CAP UHMW PE		1		$5.23		1.50		105.00

		OPEN END CAP UHMW PE		1		$2.81		0.50		35.00

		DIAPHRAGM SILICON		1		$0.56		0.10		7.00

		DIAPHRAGM PLATE TITANIUM		1		$2.35		0.25		17.50

		VALVE SPRING TITANIUM		1		$0.56		0.10		7.00

		VALVE SHAFT TITANIUM		1		$1.56		0.20		14.00

		VALVE SEAT TITANIUM		1		$1.03		0.10		7.00

		VALVE STOP TITANIUM		1		$1.29		0.10		7.00

		VALVE GASKET SILICON		1		$0.63		0.10		7.00

		CYLINDER BODY POLYCARBONATE		1		$18.25		0.20		14.00

		O RING END CAPS		2		$1.60		0.00		0.00

		O RING SHAFT		1		$0.12		0.00		0.00

				21		$112.48		5.05		353.50

		TOTAL COST PER SAMPLER (40 PART RUN)				$112.48				$353.50		$465.98





Sheet2

		ITEM		QNTY		COST 
MATERIALS (1 unit)		MACHINE 
TIME (HR)		MACHINE COST 
@ $ 70/HR		Total

		Sampler Set		24		$112.48		5.05		$353.50		$11,183.52

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam		1		$15,000.00		0		$0.00		$15,000.00

		Electronics								$0.00

		Custom Electronics		1		$2,000.00				$0.00		$2,000.00

		Cabling		1		$7,500.00				$0.00		$7,500.00

		Electronics housing		1		$500.00		12		$840.00		$1,340.00

		Proximity switches		12		$150.00				$0.00		$1,800.00

		J-Box		1		$500.00		4		$280.00		$780.00

		Trigger								$0.00

		Trigger mech.		12		$60.00		4		$280.00		$4,080.00

		Solenoid		12		$540.00		0		$0.00		$6,480.00

										$0.00

										$0.00

										$0.00		$0.00

		TOTAL				$37,699.52		201.20		$14,084.00		$51,783.52

		Additional mid-body fairing would cost ~ $5000
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		Component		Quantity		Cost per unit		Machine Time 
(Hr)		Machine Cost
(@ &70/Hr)		Total Cost

		Sampler Set		24		$120.00		5.10		$357.00		$11,448.00

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam pack		1		$15,000.00		0.00		$0.00		$15,000.00

		Custom controller board		1		$2,500.00		0.00		$0.00		$2,500.00

		Proximity switches		15		$150.00		0.00		$0.00		$2,250.00

		Electronics housing		1		$500.00		12.00		$840.00		$1,340.00

		Trigger mech.		15		$60.00		4.00		$280.00		$5,100.00

		Solenoids		15		$540.00		0.00		$0.00		$8,100.00

		Cables		1		$7,500.00		0.00		$0.00		$7,500.00

		J-Box		1		$500.00		4.00		$280.00		$780.00

		Software/Compiler		1		$1,500.00				$0.00		$1,500.00

										$0.00		$0.00

				TOTAL		$42,130.00		214.4		$15,008.00		$57,138.00
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		ITEM		QUANITY		COST MATERIALS		MACHINE TIME		MACHINE COST @ $ 70/HR		Total

		URETHANE POLYPAK SEAL		2		$24.13		0.00		0.00

		PISTON POLY CARBONATE		1		$3.12		0.30		21.00

		TITANIUM SHAFT		1		$15.02		0.40		28.00

		TITANIUM PACKING PLATE EXT		1		$16.23		0.50		35.00

		TITANIUM PACKING PLATE INT		1		$16.23		0.25		17.50

		TITANIUM SPRING PISTON		1		$1.56		0.25		17.50

		SHAFT STOP ACETAL		1		$0.20		0.20		14.00

		VALVE END CAP UHMW PE		1		$5.23		1.50		105.00

		OPEN END CAP UHMW PE		1		$2.81		0.50		35.00

		DIAPHRAGM SILICON		1		$0.56		0.10		7.00

		DIAPHRAGM PLATE TITANIUM		1		$2.35		0.25		17.50

		VALVE SPRING TITANIUM		1		$0.56		0.10		7.00

		VALVE SHAFT TITANIUM		1		$1.56		0.20		14.00

		VALVE SEAT TITANIUM		1		$1.03		0.10		7.00

		VALVE STOP TITANIUM		1		$1.29		0.10		7.00

		VALVE GASKET SILICON		1		$0.63		0.10		7.00

		CYLINDER BODY POLYCARBONATE		1		$18.25		0.20		14.00

		O RING END CAPS		2		$1.60		0.00		0.00

		O RING SHAFT		1		$0.12		0.00		0.00

				21		$112.48		5.05		353.50

		TOTAL COST PER SAMPLER (40 PART RUN)				$112.48				$353.50		$465.98





Sheet2

		ITEM		QNTY		COST 
MATERIALS (1 unit)		MACHINE 
TIME (HR)		MACHINE COST 
@ $ 70/HR		Total

		Sampler Set		24		$112.48		5.05		$353.50		$11,183.52

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam		1		$15,000.00		0		$0.00		$15,000.00

		Electronics								$0.00

		Custom Electronics		1		$2,000.00				$0.00		$2,000.00

		Cabling		1		$7,500.00				$0.00		$7,500.00

		Electronics housing		1		$500.00		12		$840.00		$1,340.00

		Proximity switches		12		$150.00				$0.00		$1,800.00

		J-Box		1		$500.00		4		$280.00		$780.00

		Trigger								$0.00

		Trigger mech.		12		$60.00		4		$280.00		$4,080.00

		Solenoid		12		$540.00		0		$0.00		$6,480.00

										$0.00

										$0.00

										$0.00		$0.00

		TOTAL				$37,699.52		201.20		$14,084.00		$51,783.52

		Additional mid-body fairing would cost ~ $5000
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		ITEM		QUANITY		COST MATERIALS		MACHINE TIME		MACHINE COST @ $ 70/HR		Total

		URETHANE POLYPAK SEAL		2		$24.13		0.00		0.00

		PISTON POLY CARBONATE		1		$3.12		0.30		21.00

		TITANIUM SHAFT		1		$15.02		0.40		28.00

		TITANIUM PACKING PLATE EXT		1		$16.23		0.50		35.00

		TITANIUM PACKING PLATE INT		1		$16.23		0.25		17.50

		TITANIUM SPRING PISTON		1		$1.56		0.25		17.50

		SHAFT STOP ACETAL		1		$0.20		0.20		14.00

		VALVE END CAP UHMW PE		1		$5.23		1.50		105.00

		OPEN END CAP UHMW PE		1		$2.81		0.50		35.00

		DIAPHRAGM SILICON		1		$0.56		0.10		7.00

		DIAPHRAGM PLATE TITANIUM		1		$2.35		0.25		17.50

		VALVE SPRING TITANIUM		1		$0.56		0.10		7.00

		VALVE SHAFT TITANIUM		1		$1.56		0.20		14.00

		VALVE SEAT TITANIUM		1		$1.03		0.10		7.00

		VALVE STOP TITANIUM		1		$1.29		0.10		7.00

		VALVE GASKET SILICON		1		$0.63		0.10		7.00

		CYLINDER BODY POLYCARBONATE		1		$18.25		0.20		14.00

		O RING END CAPS		2		$1.60		0.00		0.00

		O RING SHAFT		1		$0.12		0.00		0.00

				21		$112.48		5.05		353.50

		TOTAL COST PER SAMPLER (40 PART RUN)				$112.48				$353.50		$465.98
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		ITEM		QNTY		COST 
MATERIALS (1 unit)		MACHINE 
TIME (HR)		MACHINE COST 
@ $ 70/HR		Total

		Sampler Set		24		$112.48		5.05		$353.50		$11,183.52

		AUV Mounting Rack		1		$500.00		16.00		$1,120.00		$1,620.00

		Foam		1		$15,000.00		0		$0.00		$15,000.00

		Electronics								$0.00

		Custom Electronics		1		$2,000.00				$0.00		$2,000.00

		Cabling		1		$7,500.00				$0.00		$7,500.00

		Electronics housing		1		$500.00		12		$840.00		$1,340.00

		Proximity switches		12		$150.00				$0.00		$1,800.00

		J-Box		1		$500.00		4		$280.00		$780.00

		Trigger								$0.00

		Trigger mech.		12		$60.00		4		$280.00		$4,080.00

		Solenoid		12		$540.00		0		$0.00		$6,480.00

										$0.00

										$0.00

										$0.00		$0.00

		TOTAL				$37,699.52		201.20		$14,084.00		$51,783.52

		Additional mid-body fairing would cost ~ $5000





Sheet3

		






